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1. Introduction
Phytostabilization is a non-invasive remediation technique that combines the utilization of amendments and 
plants to enhance natural attenuation mechanisms (adsorption, precipitation and complexation) that 
immobilize trace elements in soil (Adriano et al., 2004). In addition, phytostabilization might reduce soil 
erosion and run-off transport of contaminated particles. While this low-cost technique has potential for in situ
treatment of extensive areas moderately contaminated, it has been argued that repetitive amendment 
additions are necessary to prevent reversability of treatments associated with changes in soil pH or organic 
matter mineralization (Azevedo-Silveira et al., 2003). However, there is insufficient information concerning 
the longevity and stability of treatments in field experiments, particularly in semiarid areas, characterised by 
low vegetation density and low organic matter content  (usually less than 1-2%). In the present study, we 
evaluate the mid-term effects of repetitive vs single amendment applications on wild vegetation growing in a 
soil with residual As, Cd, Cu, Pb and Zn contamination, formerly affected by the Aznalcóllar mine accident. 
2. Materials and methods
The study site is an experimental field (“El Vicario”) that was affected by the toxic Aznalcóllar mine spill, in 
which the sludge and a layer of topsoil (15cm) were removed. The soil is a clay loam classified as Typic 
Xerofluvent. Three amendments - two organic and one inorganic- were tested. The two organic amendments 
were biosolid compost (BC) and leonardite (LEO), a low grade coal rich in humic acids. The inorganic 
amendment was sugar beet lime (SL), a residual material from the sugar beet manufacturing process with 
70-80% (dry basis) CaCO3. The characteristics of the amendments can be found in (Madejón et al., 2006). 
The experimental area (20 x 50 m) was divided into 12 plots of 7x8 m each, with a margin of 1 m (long) and 2 
m (wide) between plots. The experiment was set up in October 2002. The plot treatments included an 
unamended control (NA), SL applied at rate of 30 t ha-1 yr-1, BC at a rate of 30 t ha-1 yr-1, and LEO at a rate of 
25 t ha-1 yr-1 plus 10 t ha-1 yr-1
3. Results and discussion
of SL. The amendments were applied for two consecutive years (October 2002 
and October 2003) and incorporated into the top 15 cm of soil using a rotary tiller. The non-amended 
subplots were tilled in an identical manner. In October 2005, each subplot was halved. One half remained 
unamended in the following years (Doses 2, D2) (SLD2, BCD2 and LED2), whereas the other half received 
the same amendment at the same rate for another two consecutive years (October 2005 and October 2006; 
Doses 4, D4) (SLD4, BCD4 and LEOD4). The experiment was carried out in a completely randomised block 
design with three replicates per treatment. Soil samples for determination of soil general chemical 
characteristics, and total and available trace elements concentrations in each subplot were collected in 
November 2006 and December 2007. Wild vegetation was surveyed in each subplot using a 30 x 30 cm 
quadrant (three quadrants within each sampling site) in spring 2006, 2007 and 2008. Plant species were 
listed and biomass and vegetation cover were estimated. The most frequent grass species, Lamarckia aurea
L. Moench, was collected for shoot chemical analysis in March 2008. Plant samples were washed with a 
0.1N HCl solution and then with distilled water. Analysis of trace elements in the extracts was performed by 
ICP-OES.
Repetitive amendment additions showed little effect on wild vegetation growing in the affected area. As a
rule, soils receiving two amendment doses (D2) showed similar number of species, plant cover percentage 
and biomass than those amended repetitively (D4). In the case of soils amended with leonardite-lime (LEO), 
repetitive additions mainly increased biomass yields, but not consistently in all campaigns. There were, 
however, substantial differences between control and amended soils (D2 and D4); having the latter typically 
higher number of species and plant cover, and larger biomass yields (Table 1). 
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Number of species Plant cover (%) Biomass (g m-2)
Sampling NA SL BC LEO NA SL BC LEO NA SL BC LEO
2006 D2 4 16 15 10 0.92 47.8 36.8 21.2 20.0 1045 789 351
2006 D4 4 15 17 12 0.92 47.5 32.5 22.5 20.0 881 1031 1007
2007 D2 4 12 12 9 37.0 75.0 77.0 55.0 41.6 153 316 208
2007 D4 4 14 15 12 37.0 80.0 85.0 57.0 41.6 147 254 157
2008 D2 7 15 13 12 39.0 94.2 82.5 55.0 41.4 257 221 96.5
2008 D4 7 16 13 17 39.0 98.3 91.6 70.0 41.4 284 231 201
Table 1. Number of species, plant cover and biomass of wild vegetation.
Results from a redundancy analysis based on soil characterisitcs (environmental data) and presence-
absence of plant species (species data) suggest that repetitive addition of amendments did not have a clear 
effect on soil chemical properties or on plant species composition. Samples from each treatment were not 
necessarily grouped together nor were samples from the same treatment, but a different dose, ordinated 
separately (Figure 1). There was, however, a better distinction between control and treated samples in both 
years. It is also interesting that some of the LEOD2 samples were ordinated together with the control 
samples, supporting results related to the number of species and biomass, which pinpoint that repetitive 
additions may still improve plant growth in soils treated with leonardite-lime.
Figure 1. Multivariate spatial ordination of samples based on 
redundancy analysi (RDA). The first two axis account for 
40% of the total cumulative variance.
As Cd Cu Pb Zn pH
NA 3.93 0.55 9.35 5.08 102 3.45
SLD2 6.75 0.66 12.1 4.65 127 7.28
SLD4 7.17 0.46 11.8 4.50 119 7.47
BCD2 4.55 0.47 9.82 5.20 106 5.58
BCD4 3.98 0.39 8.90 4.05 102 6.25
LEOD2 3.79 0.48 8.82 5.30 116 5.27
LEOD4 3.68 0.36 9.10 4.30 97.1 6.14
Table 2. pH in soils and trace elements(mg kg-1) in shoots of 
L.aurea growing in 2008
Contents of trace elements in shoots of L.aurea, the most representative annual species growing in the 
experimental plots in 2008, four (D2) and two years (D4) after the last amendment addition, are showed in 
Table 2. Similar concentrations of As, Cd, Cu , Pb and Zn were observed between control and treated soils. 
In the case of SL, we recorded higher As values compared to the other treatments; this could be related to 
anionic species of  As at neutral-alkaline pH conditions such as those found in plots amended with sugarbeet 
lime. In general, trace element concentrations were within the normal range in plants, except for As. No 
significant differences due to repetitive additions of amendments were found.
4. Conclusions
Repetitive additions of amendments may not necessarily improved phytostabilization of trace elements in 
moderately contaminated soils. Long-term biomonitoring of representative species is necessary to re-
evaluate amendment doses and the frequency of application. Future experiments should consider larger 
time frames between consecutive additions.
5. References
[1] Adriano DC, Wenzel WW, Vangronsveld J, Bolan NS. 2004. Role of assisted natural remediation in 
environmental cleanup. Geoderma 122: 121-142.
[2] Azevedo-Silveira ML, Ferraciú-Alleoni LR, Guimarães-Guilherme LR. 2003. Biosolids and heavy metals in 
soils. Scientia Agricola 60: 793-806.
[3] Madejón E., Pérez-de-Mora A, Felipe E, Burgos P, Cabrera F. 2006. Soil amendments reduce trace 
element solubility in a contaminated soil and allow regrowth of natural vegetation. Environmental Pollution 
139: 40-52 
-0.8 1.0
-0
.6
0.
8
2007
First axis
S
ec
on
d 
ax
is
NA
SLD2
SLD4
BCD2
BCD4
LEOD2
LEOD4
-0
.6
0.
8
S
ec
on
d 
ax
is
